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(54) METHOD OF MANUFACTURING MICRO EMBOSS SHEET AND MICRO EMBOSS SHEET 



(57) A method of manufacturing a micro embossed 
sheet having a fine emboss pattern, in which a sheet, to 
which an emboss pattern is overlaid on a sheetOfed em- 
bossing plate with a emboss pattern formed thereon, 



said embossing plate and said sheet are held and 
pressed by a pair of rolls provided in the top and rear 
surface sides of said embossing plate to transcribed the 
emboss pattern onto said sheet, and said sheet is sep- 
arated from the embossing plate after the transcription. 
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Description 
Technical Field 

5 [0001] The present invention relates to a method of manufacturing a micro embossed sheet and a micro embossed 
sheet. 

Background Art 

10 [0002] A thermoplastic resin sheet with a micro emboss pattern formed on one surface thereof is useful as a lens 
function sheet such as a Fresnel lens sheet, a lenticular lens sheet, a prism lens sheet. For instance, a retroreflective 
sheet with micro prisms formed one surface thereof (plastic reflection sheet) has been used in the fields of, for instance, 
reflective materials, fashion, and construction. 

[0003] As the retroreflective sheets as described above, there are glass bead type ones and cube corner type ones. 

15 Generally the cube corner type of retroreflective sheets are more excellent in terms of long distance visibility and reflex 
brightness. In the process of manufacturing the cube corner type of retroreflective sheet as described above, it is 
required to transcribe a emboss pattern of a die for forming an emboss pattern onto a thermoplastic resin sheet. 
[0004] To achieve this objective, it is important that the thermoplastic resin sheet is pressed to a die for forming an 
emboss pattern at an appropriate temperature as well as under an appropriate pressure. 

20 [0005] As a method of forming a emboss pattern on a thermoplastic resin sheet, the method of heating and pressing 
a thermoplastic resin sheet by a flat pressing machine equipped with a mechanism for heating and cooling a thermo- 
plastic resin, cooling and curing the thermoplastic sheet as it is, and then separating the cured thermoplastic resin 
sheet as disclosed in Japanese Patent Publication No. SHO 55-21321 is well known. 

[0006] Other methods available for this purpose include the method of forming a emboss pattern on an emboss plat 
25 belt and transcribing the emboss pattern onto a sheet to be embossed as disclosed in Japanese Patent Laid-Open 

Publication No. SHO 51-135962, and the method of transcribing the emboss pattern onto a sheet to be embossed 
using a cylindrical roll with an emboss pattern formed thereon as an embossing plate for transcribing the emboss 
pattern. 

[0007] With the method using the flat pressing machine as described above, however, there is the problem that 
30 embossing can not be performed continuously, and further as pressing is carried out with the flat pressing machine, it 
is difficult to remove air between the embossing plate and an embossed sheet, and the residual air makes it difficult 
to transcribe a fine emboss pattern. 

[0008] With the method using a belt as described above, it is possible to transcribe an emboss pattern in succession 
because a belt is used as an embossing plate, but it is difficult to form a fine emboss pattern on the belt, and further 

35 durability of the belt is disadvantageously low. 

[0009] Further with the method using a roll, although transcription of a fine emboss pattern can continuously be 
performed, as the emboss pattern is formed on a metal plate and then the metal plate is processed into a cylindrical 
form, the device cost is rather high, and when the metal plate for the roll is damaged, the cost for replacing the metal 
plate with a new one is disadvantageously high. 

40 [0010] It is an object of the present invention to provide a method of producing a micro embossed sheet enabling to 
accurately transcribe a fine emboss pattern and also to continuously transcribe the emboss pattern with low device 
cost and also to provide a micro embossed sheet produced by the method. 

Disclosure of the Invention 

45 

[0011] The present invention provides a method of producing a micro embossed sheet which is a sheet having a 

fine emboss pattern formed thereon, and this method comprises a transcribing step of transcribing an emboss pattern, 
by overlaying a sheet, to which an emboss pattern is to be transcribed, over a surface of a sheet-fed embossing plate 
with an emboss pattern formed thereon and holding the embossing plate and the sheet, to which the emboss pattern 
50 is to be transcribed, with a pair of rolls provided on top and rear surface of the embossing plate, onto the sheet to which 
the emboss pattern is to be transcribed; and a separating step of separating the sheet, to which the embossed sheet 
is to be transcribed, from the embossing plate. 

[0012] With the present invention as described above, as a sheet-fed embossing plate and a sheet, to which an 
emboss pattern is to be transcribed, are inserted between rolls and an emboss pattern is transcribed on the sheet in 
55 the state where the embossing plate and the sheet are held between the rolls, emboss patterns can be transcribed in 
succession by successively feeding emboss plates. 

[001 3] Different from the method in which emboss patterns are transcribed with rolls each having an emboss pattern 
with the same width and same area formed thereon, by using a plurality of embossing plates for transcribing emboss 
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patterns, it is possible to reduce the risk when an embossing plate is damaged, and as a result the device cost can be 
reduced. 

[0014] Further transcription of an emboss pattern is performed in the state where the embossing plate and the sheet, 
to which the emboss pattern is to be transcribed, are held by rolls, and therefore an air pool with a relatively large 
5 volume between an embossing surface of the embossing plate and the sheet to which the emboss pattern is to be 
transcribed is eliminated, which advantageously makes it possible to transcribe a fine emboss pattern onto the sheet. 
[0015] In the present invention, the specific means as described hereinafter may be employed for each of the com- 
ponents in this invention. 

[0016] The term of "emboss pattern" as used herein indicates a pattern formed by means of compression in the 
10 pressing step. The term of "micro emboss" as uses herein indicates one having the structure in which a difference 
between the irregularities in height on the surface is in the range from several tens |im to several hundreds |Lim with 
the surface roughness Ra (as defined in J IS B 0601 ) of 2 \xm or below. The Ra should preferably be not more than 0.1 
|Lim in optical applications. In the case of the retroreflective cube comer prism, it has a number of triangular pyramids 
each consisting of three right-angled triangles and one acute-angled triangle, namely each consisting of right-angled 
15 triangles with an inter-surface angle of 90 ° and a bottom surface having a form of an acute-angled triangle. The height 
of each pyramid from the bottom surface is in the range from several tens ^im to several hundreds jim. For instance, 
in the case of a pyramid structure with a bottom surface having a form of regular triangle with one edge of 200|Lim. 
[0017] The term of "embossing plate" as used herein indicates a template with an emboss pattern formed thereon. 
Requirements to materials for the embossing plate include high heat conductivity, sufficient hardness, sufficient heat 
20 resistance, high durability, adaptability to be processed, high cost performance, and the possibility to transcribe a fine 
emboss pattern. Among those satisfying the above-described requirements, metal is preferable as a material for the 
embossing plate, and electrotyped nickel is especially preferable. 

[0018] The thickness of the embossing plate is preferably in the range from 0.1 to 4 mm, and more preferably in the 
range from 0.3 to 0.8 mm. When the thickness of the embossing plate is less than 4 mm, the heat conductivity becomes 

25 lower with the energy loss during heating and cooling generated, which may result in lower productivity 

[0019] The size of an embossing plate varies according to applications. For instance, when embossing plates are 
fed successively, it is preferable that such a trouble as a clearance should not occur between embossing plates. The 
embossing plate has generally a rectangular plate form. The length of an embossing plate in the feed direction is 
preferably in the range from 3 to 1 00 cm in view of the appearance required for the final product, size, and cost of the 

30 embossing plate. More preferably, the length of the embossing plate in the feed direction is in the range from 1 0 to 40 cm. 
[0020] It is preferable to use a pair of rolls each having pressing and heating functions for transcribing an emboss 
pattern onto a sheet to which the emboss pattern is to be transcribed. 

[0021] The material and internal structure of the rolls preferably have the rigidity sufficient to endure the pressure 
when pressed. The material should be selected taking into considerations the cost performance of the rolls. A diameter 

35 of each roll should be decided so that a bending stress in the embossing plate is small when held by the rolls. When 
a space between the pressing zones is sufficiently large, the transcribing speed can be raised, so that the roll diameter 
should sufficiently be large. When the roll diameter is too large, however, the size of the device becomes large and 
the cost increases, so that the roll diameter should be decided taking into considerations the cost performance. 
[0022] Elastic materials having high heat resistance such as, for instance, silicon rubber or Teflon (Registered trade- 

40 mark) rubber should preferably be used to provide satisfying surface and structure of the pair of rolls. The rubber 
hardness as measured by the method based on the JIS K6301 A Model is preferably in the range from 50 to 98 degrees, 
and more preferably in the range from 70 to 98 degrees. In stead of using an elastic material for a surface of the roll, 
an elastic body may be inserted between a sheet to which an emboss pattern is to be transcribed and the roll without 
changing rigidity of the roll as a whole. The surface structure of the roll when pressed is required to maintain the flatness 

45 at the level where the surface state of the sheet after transcription is not deteriorated. With the elasticity, the holding 
pressure onto the sheet to which the emboss pattern is to be transcribed and the embossing plate between the two 
rolls can be maintained over a prespecified length. 

[0023] Any thermoplastic material may be used as a material for the sheet to be embossed. It is not always necessary 
to use synthetic resin as the material. The structure may be of monolayer or comprise a plurality of layers so long as 

50 the thermoplastic material has the sufficient thickness. Further when used for an optical application such as a retrore- 
flective sheet, the material should have the sufficient transparency, refractive index, and double reflex. 
[0024] Thermoplastic resins as the materials satisfying the requirements as described above include, for instance, 
RE (polyethylene), PR (polypropylene), PC (polycarbonate), PVC (polyvinyl chloride), PMMA (methyl polymethacr- 
ylate), EMMA (Ethylene-methacrylate copolymer). 

55 [0025] The thickness of the sheet to be embossed should be decided according to the application (a type of the 
resin, and required rigidity of the final product) as well as to a form of the emboss pattern to be transcribed. More 
specifically, the thickness should preferably be in the range from 0.02 to 50 mm. When the thickness is smaller than 
0.02 mm, the sheet with the emboss pattern transcribed thereto may be disrupted when it is separated from the em- 
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bossing plate. When the thickness is larger than 50 mm, energy loss may occur during the steps of heating and cooling 
the sheet to which the emboss pattern was transcribed, and in addition, a stress load to the embossing plate increases 
when the sheet, to which the emboss plate is transcribed, is separated from the embossing plate, and the risk of 
damaging the embossing plate may disadvantageously increase. Further in a case of an optical application, as the 
5 completed embossed sheet must have the sufficient transparency, refractive index, and double reflex, more strict con- 
ditions are required. More specifically, when the height of a emboss on the emboss pattern is 70 |Lim, the thickness of 
the sheet to which the emboss pattern is transcribed should preferably be in the range from 0.1 0 to 0.60 mm, and more 
preferably in the range from 0.15 to 0.30 mm. 

[0026] A separating roll may be provided to separate a sheet to be embossed from an embossing plate in the sep- 
10 arating step. The separating roll, may made from a metallic material or an elastic material. As the elastic material, for 
instance silicon rubber or Teflon (registered trademark) rubber is preferable. Further a metal roll coated with the silicon 
rubber may be employed. The separating roll may also function as a cooling roll, and a cooling roll may be provided 
together with the separating roll. By cooling, the separation can be performed more smoothly. 
[0027] The sheet used in the present invention includes one with the relatively small thickness. 

15 

(Transcription) 

[0028] In the present invention, the transcribing step should preferably be carried out in the state where an embossing 
plate and a sheet to be embossed are held between rolls in the substantially flat state. 
20 [0029] With this feature, as the embossing plate and the sheet to be embossed are held between the rolls in the 
substantially flat state, the emboss pattern can accurately be transcribed. 
[0030] In the present invention, the embossing plate is preferably metallic. 

[0031] When the embossing plate is a metallic one, the heat conductivity is high and a high precision emboss pattern 
can be processed, so that the embossing plate can easily transfer heat for heating, and further an embossing plate 
25 having a high precision emboss pattern can easily be manufactured. 

[0032] In the present invention, the embossing plate should preferably have a concave cube corner type of emboss 
pattern. 

[0033] Because of this feature, the completed micro embossed sheet has a cube corner type of emboss patter, so 

that a micro embossed sheet with excellent retroreflectivity can be manufactured. 
30 [0034] In the present invention, the sheet to be embossed is preferably made from a thermoplastic resin. 

[0035] Because of this feature, as the sheet to be embossed is made from a thermoplastic resin, an emboss pattern 

can easily be manufactured by heating and pressing during transcription of the emboss pattern. 

[0036] In the present invention, the sheet to be embossed is preferably a continuous and lengthy one. 

[0037] Because of this feature, the completed micro embossed sheet is a continuous and lengthy one, so that a 
35 method of winding the micro embossed sheet around a roll or the like can be employed for storage, and such works 

as storage and transfer can easily be carried out. 

[0038] In the present invention, pressing should preferably be performed in the transcribing step in the state where 
an embossed sheet is transcribed is overlaid on an embossing plate so that a surface of the former contacts a mirror- 
finished surface of a mirror-finished member. 

40 [0039] As the characteristics required for the mirror-finished member, the rigidity sufficient to prevent melting and 
deformation in the heating step is necessary. In addition, the flatness sufficient to provide luster is required as charac- 
teristics of the surface. As the mirror-finished member, for instance, a thermoplastic resin film and a metal foil such as 
aluminum not fused to the sheet to be embossed may be used. In addition, such metal plates as copper, nickel, and 
stainless steel with the surface mirror-finished may be used. 

45 [0040] With this configuration, the mirror-like luster or other properties can be given to a surface of the sheet to be 
embossed opposite to the embossed surface thereof. 

[0041] In the present invention, it is preferable to overlay a mirror-finished film or sheet having a mirror-finished 

surface over a sheet to be embossed. 

[0042] As the characteristics required to the mirror-finished sheet, like in the case of the mirror-finished member, the 
50 heat resistance sufficient for preventing fusing and deformation in the heating step is necessary. In addition, the flatness 
sufficient to give luster is required as the surface characteristics. For instance, a resin film or sheet made from such a 
material as PET (polyethylene telephtalate), or polyimide may be employed. 

[0043] Because of this feature, luster like that on a mirror surface can be given to a surface of a sheet to be embossed 
opposite to the embossed surface thereof. 

55 

(Holding Pressure) 

[0044] In the present invention, at least one of the two rolls forming a pair should preferably have a surface made 
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from an elastic body. 

[0045] Because of this feature, a surface of at least one of the two rolls forming a pair Is made from an elastic body, 
so that a wide pressing surface can be acquired on a surface of the roll, which Insures the improved adaptability to 
transcription. 

5 [0046] In the present invention, holding and pressing should preferably be carried out in the transcribing step in the 
state where an elastic member is inserted between the sheet to be embossed and the roll. 

[0047] Because of this feature, the elastic member has the elasticity, so that a sufficient pressure can be delivered 
to the sheet to which an emboss plate is transcribed. 

[0048] In the present invention, the linear pressure for holding an embossing plate and a sheet to be embossed is 
10 preferably not less than 50 N/cm. 

[0049] Because of the feature, as the linear pressure is not less than 50 N/cm and the embossing plate and the sheet 
can sufficiently be held and pressed, an emboss pattern can accurately be transcribed. 

(Heating) 

15 

[0050] In the present invention, the sheet to be embossed is preferably heated to a temperature higher than the 
melting point in the transcribing step when the embossing plate and the sheet are held and pressed. 
[0051] Because of this feature, when an embossing plate and a sheet to which an emboss pattern are held and 
pressed, the sheet is heated to a temperature higher than the melting point and the sheet can sufficiently be softened 
20 before transcription, so that the emboss pattern can efficiently be transcribed onto the sheet. 

[0052] In the present invention, of the pair of rolls used In the transcribing step, at least one of the rolls Is a heating roll. 
[0053] A heating roll having a heater or the IH structure provided therein may be employed. Further a heating roll, 
in which heated oil or the like is flown, may be employed. 

[0054] Because of this feature, heating and pressing to the sheet to be embossed and to the embossing plate can 
25 be performed simultaneously, so that the emboss pattern can accurately be transcribed onto the sheet to be embossed. 
[0055] In the present invention, the heating roll should preferably be provided in the side of the embossing plate. 
[0056] Because of this feature, the embossing plate is provided in the side of the heating roll, so that the embossing 
plate can efficiently be heated, and therefore the sheet to be embossed can easily be softened for transcribing an 
emboss pattern thereon. 

30 [0057] In the present invention, the heating roll preferably contacts a rear surface of the embossing plate. 

[0058] With the configuration, as the heating roll contacts a rear surface of the embossing plate, the embossing plate 
can efficiently be heated, so that the sheet to be embossed can easily be softened via the embossing plate for tran- 
scribing an emboss pattern thereon. 

[0059] In the present invention, the plate heating step of previously heating an embossing plate is preferably per- 
35 formed before the transcribing step is performed. 

[0060] As a heating unit for previously heating an embossing plate in the plate heating step, in addition to the heating 
roll, also a unit for heating the embossing plate from outside the roll with heated air or flame such as a radiant electric 
heater may be employed. 

[0061] In this case, as the plate heating step is provided and also the embossing plate is previously heated, a sheet 
40 to be embossed can be heated from both side thereof, namely by the embossing plate and the heating roll for softening 
the sheet to be embossed before transcription, so that an embossing pattern can efficiently be performed. 
[0062] In the present invention, a sheet heating step of previously heating a sheet to be embossed may be provided 
before the transcribing step. 

[0063] As the heating unit for previously heating a sheet to be embossed in this sheet heating step, like in the case 
45 of the plate heating step, a radiant electric heater or other unit for heating from outside of the roll with heated air or 
flames may be employed In addition to the heating roll. 

[0064] With this configuration, as the sheet to be embossed can be softened in the sheet heating step before tran- 
scription, an embossing pattern can more efficiently be transcribed onto the sheet to be embossed. 

50 (Cooling) 

[0065] In the present invention, a cooling step for cooling and solidifying the sheet to be embossed in the state where 
the embossing plate and the sheet to be embossed are closely contacted to each other behind the transcribing step, 
and also the separating step is preferably carried out after the cooling step. 
55 [0066] For instance, a method in which the heated sheet to be embossed or the like is left at the room temperature 
may be employed in this cooling step. In addition, a method In which the heated sheet is forcefully cooled from the 
outside with cooled air, cooled water, liquefied gas or the like in the state where the sheet is held and pressed by the 
cooling rolls may be employed. Further a method is allowable in which the embossing plate and the sheet to be em- 
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bossed are held between and by, for instance, aluminum plates so that they are closely contacted to each other. 
[0067] In this case, as the cooling step is provided and the sheet to be embossed can be cooled and solidified in the 
state where the sheet is closely contacted to the embossing plate, so that a micro embossed sheet having no distorted 
emboss pattern generated during the transcribing step can be obtained. 
5 [0068] In this invention, the cooling step is preferably carried out in the state where the embossing plate is substan- 
tially flat. 

[0069] In this case, the transcribed embossing pattern can be cooled and solidified in the cooling step for solidifying 
he embossing pattern, so that a fine embossing pattern can be formed. 

[0070] In the present invention, the sheet to be embossed is preferably cooled in the cooling step to a temperature 
10 lower than the softening point. 

[0071 ] In this case, as the sheet to be embossed is cooled in the cooling step to a temperature lower than the softening 
point, the sheet to be embossed can be solidified without fail. 

(Employment of an Endless Belt) 

15 

[0072] In the present invention, it is preferable to provide, between the transcribing step and the separating step, a 
transfer step in which the embossing plate and the sheet to be embossed are transferred after the transcription by an 
endless belt wound around at least either one of the two rolls forming a pair. 

[0073] The endless belt is a belt having no end, and includes, for instance, one wound around two or more rolls. 

20 [0074] IVIaterials for the endless belt should preferably have the high heat resistance, high heat conductivity, and 
high durability, as for the form, the width and peripheral length may be selected according to the size of the embossing 
plate to be used. Further the thickness may be selected according to the required durability and heat conductivity. The 
thickness is generally in the range from 0.05 to 2.00 mm, and more preferably in the range from 0.30 to 0.70 mm. 
[0075] With this configuration, movement of the embossing plate is carried out by the endless belt, the embossing 

25 plate can continuously be moved under stable conditions, so that embossing patterns can successively be transcribed 
under in the stable state. 

[0076] In the present invention, the cooling step is preferably carried out with a cooling unit provided in the transfer 
section with the endless belt described above. 

[0077] With this configuration, as the cooling unit is provided in the transfer section, the transfer step with the endless 
30 belt and the cooling step with cooling rolls can simultaneously be performed, so that micro embossed sheets can be 
manufactured without requiring an excessively complicated construction. 

[0078] In the present invention, the cooling unit is preferably provided with a space from one of the two rolls forming 
a pair, and also preferably includes a cooling roll with the endless belt wound therearound. 

[0079] With this configuration, as the cooling unit includes a cooling roll with the endless belt wound therearound 
35 and transfer and cooling can be carried out simultaneously, and therefore there is provided the advantage that the 
production line is not excessively long. 

[0080] In the present invention, the cooling unit preferably has a second cooling roll provided between said either 
one of the rolls and the cooling roll. 

[0081] The second cooling roll indicates a roll having the cooling function other than that of the cooling roll. 
40 [0082] With this configuration, as the second cooling roll is provided, the second cooling roll functions as a support 
for the endless belt, and the embossing plate or others are fully cooled before they reach the cooling roll, which con- 
tributes to further cooling and solidification of the sheet to be embossed. 

[0083] In the present invention, the cooling unit preferably has a cooling air blowing mechanism for blowing cooling 
air from the side of the sheet to be embossed. 
45 [0084] There is not specific restriction over the cooling air blowing mechanism, and any one capable of blowing air 
may be employed. More specifically, an air blower or a mist blower may be used for this purpose. 
[0085] With this configuration, there is provided the cooling air blowing mechanism and the sheet to be embossed 
can directly be cooled, so that the sheet to be embossed or others can fully be cooled before they reach the cooling 
rolls, and therefore the sheet to be embossed can cooled and solidified more quickly. 

50 

(Configuration of the Endless Belt) 

[0086] In the present invention, a material for the endless belt is preferably metal. 

[0087] The material for the endless belt is required to have high heat resistance, high heat conductivity, and excellent 
55 durability, and when also the cost is taken into considerations, metal is preferable. More specifically, stainless steel, 
carbon steel, and titanium alloy are preferable. 

[0088] With the configuration, as the material for the endless belt is metal and metal is excellent in heat resistance, 
heat conductivity, and durability, so that an endless belt having high heat resistance, high heat conductivity, and ex- 
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cellent durability can be provided. 

[0089] In the present invention, the sheet to be embossed is fed to between a pair of rolls so that the sheet directly 
contacts the endless belt, and the contact face of the endless belt may be a mirror-finished one. 
[0090] With the configuration, when the endless belt contacts a surface of the embossed sheet opposite to the em- 
5 bossed surface, as a surface of the endless belt is mirror-finished, so that mirror-like luster can be given to a surface 
of the sheet contacting the endless belt. 

[0091] In the present invention, the sheet to be embossed is fed to between a pair of rolls so that the sheet directly 
contact the endless belt, and the contact surface may be a rough one. 

[0092] With this configuration, as a surface of the endless belt is rough, when the embossing plate contacts the 
10 endless belt in the transcribing step, the friction is large, so that the embossing plate can be moved in the transfer step 
without fail. 

[0093] In the present invention, the sheet to be embossed is feed to between a pair of rolls so that the sheet contacts 

the endless belt, and the contact face of the endless belt may be coated with a heat-resisting and strippable resin. 
[0094] The heat-resisting and strippable resin indicates a resin which is resistive to hear and can easily be separated 
15 after the resin surface is contacted, for instance, to a sheet to be embossed. More specifically, polyimide can be enu- 
merated. 

[0095] With this configuration, as a surface of the endless belt is coated with the heat resisting and strippable resin, 
the adaptability to be separated is very high when a sheet to be embossed is contacted to the endless belt, so that the 
sheet to be embossed can easily be separated from the contact face with the endless belt. 

20 

(Arrangement of the Endless Belt) 

[0096] In the present invention, the endless belt is preferably wound around a heated roll. 

[0097] As a heated roll, a heating roll, which is either one of a pair of rolls for holding and pressing described above 
25 may be used. 

[0098] With this configuration, as the endless belt can transfer heat from the heating roll, so that a long zone for 
heating an embossing plate or a sheet to be embossed can be provided. 

[0099] In the present invention, the embossing plate may be located at a position where it contacts the endless belt. 
[0100] With the configuration, heat from the heating roll can be transferred by the endless belt, so that a long heating 
30 zone can be provided. 

[0101] In the present invention, the embossing plate may be located at a position where it does not contact the 
endless belt. 

[0102] With this configuration, the embossing plate does not contact the endless belt at any position, and the em- 
bossing plate is held and pressed by the rolls, so that air residing between the embossing plate and a sheet to be 
35 embossed can be discharged. 



(Sheet) 

[0103] The embossed sheet according to the present invention is characterized in that the embossed sheet is ob- 
40 tained by means of the method of manufacturing an embossed sheet according to the present invention as described 
above. 

[01 04] With the present invention as described above, as the micro embossed sheet is obtained by the manufacturing 
method as described above, the micro embossed sheet having fine embossing patterns can be obtained. 



Brief Description of the Drawings 
[0105] 

Fig. 1 is a view showing a manufacturing device according to a first embodiment of the present invention; 
50 Fig. 2 is a view showing a manufacturing device according to a second embodiment of the present invention; 

Fig. 3 is a view showing a manufacturing device according to a third embodiment of the present invention; 

Fig. 4 is a view showing a manufacturing device according to a fourth embodiment of the present invention; 

Fig. 5 is a view showing a manufacturing device according to a fifth embodiment of the present invention; 

Fig. 6 is a view showing a manufacturing device according to a sixth embodiment of the present invention; 
55 Fig. 7 is a view showing a manufacturing device according to a seventh embodiment of the present invention; 

Fig. 8 is a view showing a manufacturing device according to an eighth embodiment of the present invention; 

Fig. 9 is a view showing a manufacturing device according to a ninth embodiment of the present invention; 

Fig. 10 is a view showing a manufacturing device according to a tenth embodiment of the present invention; 
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Fig. 11 is a view sliowing a manufacturing device according to an eleventh embodiment of tine present invention; 
Fig. 12 is a view sliowing a manufacturing device according to a twelfth embodiment of the present invention; 
Fig. 13 is a view showing a manufacturing device according to a thirteenth embodiment of the present invention; 
Fig. 14 is a cross-sectional view showing an embossing plate according to each of the embodiments above: and 
Fig. 15 is a cross-sectional view showing an micro embossed sheet according to each of the embodiments above. 

Best mode for Carrying out the Invention 

[0106] Embodiments of the present invention are described below with reference to the related drawings. 
[First Embodiment] 

[0107] A manufacturing device 1 according to a first embodiment of the present invention is described below. 
[0108] The manufacturing device 1 used in this manufacturing method comprises a working bench 12, a heating roll 
17, a cooling roll 23, a roll 28 which are provided at vertexes of a substantial triangle, an endless belt wound around 
the three rolls 17, 23, 28, a feed roll 16, a pressing roll 18, an embossing plate 10, six second cooling rolls 33, four air 
blowers 25, a separating roll 21 , and a wind-up roll 22. 

[0109] A material for the embossing plate is electrocast nickel. A cube corner type of emboss pattern is formed on 
a surface of the embossing plate 10 contacting a sheet to which the emboss pattern is transcribed. 
[01 1 0] The working bench comprises a plurality of feed rollers 1 1 , and the feed rollers 1 1 may be linked to a rotating/ 
driving section such as a motor to feed the embossing plate 10 to each of the rolls 17, 18. 

[0111] The sheet 13 to which the emboss pattern is transcribed is feed from the feed roll 14, and the sheet 13 to 
which the emboss pattern is transcribed a sheet made mainly from a thermoplastic resin. The material may be selected 
from, for instance, PE (polyethylene), PR (polypropylene), PC (polycarbonate), PVC (polyvinyl chloride), PMMA 
(polymethyl methacrylate), EMMA (ethylene-methyl methacrylate copolymer). 

[0112] Further, the mirror-finished sheet 15 is fed from the feed roll 16, and the mirror-finished sheet 15 is a sheet 
having a mirror-finished surface. As the mirror-finished sheet 15, for instance, a film made from a resin such as PET 
(polyethylene telephthalate) and polyimide may be employed. 

[0113] A material for a surface of the heating roll is a metallic one such as chromium. The heating roll maybe heated, 
for instance, by providing a electric heater or an IH structure, or by flowing heated oil or the line inside the heating roll 1 7. 
[0114] The pressing roll 18 is provided above the heating roll 17 with the endless belt 18 therebetween. As the 
pressing roll 18, a roll made from silicon rubber or Teflon (trademark) rubber having excellent heat resistance may be 
employed. 

[01 15] A rotating/driving section such as a motor is linked to at least one of the heating roll 1 7 and the pressing roll 1 8. 
[01 16] Further six second cooling rolls 33 for cooling the embossing plate 1 0 from inside of the endless belt 1 9 are 
provided between the heating roll 17 and the cooling roll 23. The cooling rolls 23, 33 can be cooled by cooling water 
circulating inside thereof and' having the temperature of 15 °C. 

[01 17] The endless belt 1 9 is made from metal, and in this embodiment, stainless steel is used. The surface is mirror- 
finished. 

[0118] The embossing plate 10, the sheet 13 to which the emboss pattern is transcribed, and the mirror-finished 
sheet 1 5 each passing through between the heating roll 1 7 and the pressing roll 1 8 are provided between the pressing 
roll 1 8 and the separating roll 21 , and are cooled by four air blowers 25 for cooling the embossing plate 1 0 from outside 
of the endless belt 1 9. Any type of blower capable of feeding air may be used as the air blower 25. 
[01 1 9] The separating roll 21 separates a completes micro embossed sheet 20 from the embossing plate 1 0, and is 
a roll made from silicon rubber. 

[01 20] As for the feed rolls 14,16, the wind-up roll 22 for winding up the micro embossed sheet 20, and the roll 28, 
any type of roll made from any material may be employed on the condition that such objects as rotating the endless 
belt 1 9 or the like can be achieved. 

[0121] The operating conditions of the machine assuming that the transcribing speed is in the range from 0.2 to 1 .0 
m per minute is as follows: 

A linear pressure loaded to a section between the heating roll 17 and the pressing roll 18: 50 to 1000 N/cm (more 
preferably, 300 to 500 N/cm) 

Transcribing zone: 1 cm or more (More specifically, 2 cm or more) 

[0122] With the manufacturing device 1 , the micro embossed sheet 20 is manufactured as described below. 
[0123] At first, a temperature of the heating roll 17 is raised, and the pressing roll is rotated. Then the embossing 
plate 1 0, the sheet 1 3 to be embossed, and the mirror-finished sheet 1 5 are laminated in this order on the endless belt 
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19 placed on the feed roller 11 of the working bench 12 as well as on an extension line from the working bench 12, 
and are passed through between the heating roll 17 and the pressing roll 18. In this step, a plurality of embossing 
plates 10 are fed in succession. The embossing plate 10 is contacted to the sheet 13 to which the emboss pattern is 
transcribed with the surface having an emboss pattern thereon pressed to the sheet 13, and the mirror-finished sheet 
5 is contacted to the sheet 1 3 to which the emboss pattern is transcribed with the mirror-finished surface thereof contacted 
to the other surface of the sheet 13. 

[0124] The embossing plate 10, the sheet 13 to which the emboss pattern is transcribed, and the mirror-finished 
sheet 15 having been passed through the heating roll 17 and the pressing roll 13 are fed to between the rolls 17, 18 
being held and pressed in the horizontal direction, thus an emboss pattern on the embossing plate 1 0 being transcribed 
10 to the sheet 13 (transcribing step). 

[0125] Then the embossing plate 10, the sheet 13 to be embossed, and the mirror-finished sheet 15 having been 
passed through between the heating roll 17 and the pressing roll 18 are transferred over the endless belt 19 (transfer 
step). 

[0126] Further the embossing plate 10, the sheet 13 to be embossed, and the mirror-finished sheet 15 are cooled, 
15 in the state where they are held in the horizontal state, by the six units of second cooling rolls 33 from inside of the 
endless belt 19, and by the four units of air blowers 25 from the side of the mirror-finished sheet 15 (cooling step). 
[0127] After the cooling step, with the separating rolls 21 provided opposing to each other with the endless belt 19 
on the cooling roll 23, the micro embossed sheet 20 completed by transcribing an emboss pattern from the embossing 
plate 10 to the sheet 13 is separated. The separated micro embossed sheet20 is wound up by the wind-up roll 22 
20 (separating step). 

[0128] The cube corner type of emboss pattern is formed on a surface of the completed micro embossed sheet 
contacting the embossing plate 10. 

[0129] For instance, as shown in Fig. 14, a cube corner type of emboss pattern 10A is formed on a surface having 
an emboss pattern to be transcribed thereon of the embossing plate 10. With this feature, as shown in Fig. 15, the 
25 completed micro embossed sheet 20 has the cue corner type of emboss pattern 20A formed on the surface to which 
the emboss pattern is transcribed from the embossing plate and the mirror-finished surface 20B formed on the laminated 
surface. 

[0130] The embossing plate 1 0 with the micro embossed sheet 20 having been separated therefrom is again fed to 
the feed side to be circulated for repetitive use. 
30 [0131] With the embodiment as described above, the following effects are provided. 

(1) The embossing plate 10 is transferred by using the endless belt 19, and the embossing plates can be moved 
continuously under the stable conditions, so that emboss patterns can continuously be transcribed in the stable 
state. 

35 (2) By forming an emboss pattern on the embossing plate 1 0 which is a flat and rectangular plate, it is possible to 

manufacture emboss patterns on the plate with a machine having a relatively small size as compared to that the 
an embossing plate having a form of an endless pattern with the same width and area, so that the production cost 
can be reduced. 

(3) By forming an endless belt having embossing patterns each having the width and same area with a plurality 
40 of embossing plates 1 0 each having a rectangular plate-like form as those in the present embodiment, it is possible 

to disperse risks generated when any of the emboss plates is damaged, and as a result, the production cost can 
be reduced. 

(4) As the heating roll 17 and the pressing roll 1 8 are used for transcribing an emboss pattern and air between an 
emboss surface of the embossing plate and the sheet 13 to which the emboss is transcribed can be discharged, 

45 so that a fine emboss pattern can accurately be transcribed. 

(5) The embossing plate and the sheet 13 to which the emboss pattern is transcribed above are held and pressed 

in the flat state, so that the emboss pattern can accurately be transcribed. 

(6) Transcription of an emboss pattern is carried out in the flat state, and after the emboss pattern is transcribed, 
the transcribed emboss pattern is rapidly cooled by the cooling rolls 23, 33 as well as by the air blower 25 to solidify 

50 the emboss pattern, so that a fine emboss pattern can be formed. 

[Second Embodiment] 

[0132] A second embodiment of the present invention is described below. In the following description, the same 
55 reference numerals are assigned to the same parts and components already described and detailed description thereof 
are omitted. 

[0133] Fig. 2 shows a manufacturing device 2 according to a second embodiment according to the present invention. 
[0134] The manufacturing device 2 used in the manufacturing method comprises a working bench 12, a heating roll 
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17, a cooling roll 23, an endless belt 19 wound around the two rolls 17, 23, a feed roll 14, a mirror-finished member 
26, a pressing roll 18, a embossing plate 10, a cooling roll 24, a second cooling roll 33, a separating roll 21, and a 
wind-up roll 22. 

[0135] The cooling roll 33 cools the embossing plate 1 0 from inside of the endless belt 1 9, while the second cooling 

5 roll 24 cools the sheet 1 3 to be embossed and the embossing plate 1 0 from outside of the endless belt 1 9, and each 
of the cooling rolls 33, 24 can be cooled by cooling water circulating inside thereof and having a temperature of 15 °C. 
[0136] The mirror-finished member 26 is an aluminum plate with the surface mirror-finished. 
[0137] With the manufacturing device 2, the micro embossed sheet 30 is manufactured as described below. 
[0138] At first, a temperature of the heating roll 17 is raised, and the pressing roll 18 is rotated. Then the embossing 

10 plate 10, sheet 13 to be embossed, and mirror-finished member 26 are laminated in this order over the endless belt 
19 placed on the feed roller 11 on the working bench 12 and on a extension line of the working bench 12, and the 
laminated embossing plate 10, sheet 13, and mirror-finished member 26 are passed through between the heating roll 
17 and the pressing roll 18. In this step, the surface of the embossing plate 10 having an emboss pattern thereon 
contacts the sheet 13 to be embossed, and the mirror-finished surface of the mirror-finished member 26 contacts the 

15 sheet 13. 

[0139] Further the embossing plate 10, the sheet 13 to be embossed, and the mirror-finished member 26 having 
been inserted between the heating roll 1 7 and the pressing roll 1 8 are fed to between the rolls 1 7, 1 8 to be held thereby 
in the horizontal state, and the emboss pattern on the embossing plate 1 0 is transcribed onto the sheet 1 8 (transcribing 
step). 

20 [0140] Then the embossing plate 10, the sheet 13 to be embossed, and the mirror-finished member 26 having been 
inserted between the heating roll 17 and the pressing roll 18 are transferred over the endless belt 19 (transfer step). 
[0141] Further the embossing plate 10, the sheet 13 to be embossed, and the mirror-finished member 26 are cooled 
and solidified by the second cooling roll 33 from inside of the endless belt 19 and also by the cooling roll 24 from the 
mirror-finished member 26 (cooling step). 

25 [0142] After the cooling step, the completed micro embossed sheet 30 with the emboss pattern having been tran- 
scribed onto the sheet 13 is separated from the embossing plate 10 by the separating roll 21 provided on an end of 
the work bench 12. Further, also the mirror-finished member 26 is separated from the micro embossed sheet 30. The 
micro embossed sheet 30 is wound up by the wind-up roll 22 (separating step). 

(7) As the mirror-finished member 26 is held and machined in the state where the mirror-finished member 26 is con- 
30 tacted to the sheet 13 to which an embossed sheet is transcribed, a mirror-like luster can be given to a surface of the 
sheet 13 in the opposite side form the embossed side. 

[Third Embodiment] 

35 [0143] A third embodiment of the present invention is described below. 

[0144] Fig. 3 shows a manufacturing device 3 according to a third embodiment of the present invention. 
[0145] The manufacturing device 3 used in the manufacturing method comprises heating rolls 17, 17, a cooling roll 
23, an endless belt 19, cooling belts 23, 23, an endless belt 29 wound around the two cooling roll 23, a feed roll 14, a 
feed roll 1 6, a pressing roll 18, an embossing plate 10, two cooling rolls 24, a separating roll 21 , a wind-up roll 27, and 

40 a wind-up roll 22. 

[0146] The endless belt 19 is wound around the three rolls 17, 17, 23 with the first heating roll 17 and the cooling 
roll 23 provided at the ends respectively, and the second heating roll 17 is provided at a substantially central position 
of the endless belt 19. The pressing roll 18 is provided above the second heating roll 17 with the endless belt 19 
therebetween. 

45 [0147] The endless belt 29 is wound around the two cooling roll 23. Further one of the cooling rolls 24 is provided 
above the cooling roll 23 with the endless belt therebetween. The other cooling roll 24 is provided above the cooling 
roll 23 with the endless belt therebetween. Further the separating roll 21 is provided above the other cooling roll 23 

with the endless belt 29 therebetween. 

[0148] The micro embossed sheet 30 is manufactured with the manufacturing device 3 as described below. 
50 [01 49] At first the heating rolls 17,17 are heated and the pressing roll 1 8 is rotated. In this step, the embossing plate 
10 is heated by the first heating roll 17 prior to the transcribing step (plate heating step). 

[0150] Then the embossing plate 10, sheet 13 to be embossed, and mirror-finished sheet 15 are laminated in this 
order on the endless belt 19, and the laminated embossing plate 10, sheet 13 to be embossed, and mirror-finished 
sheet 15 are passed in the state through between the second heating roll 17 and the pressing roll 18. In this step, a 
55 surface of the embossing plate with an emboss pattern thereof contacts the sheet 13, and the mirror-finished surface 
of the mirror-finished sheet 15 is one in the opposite side from the surface contacting the sheet 13. 
[0151] Further the embossing plating 10, sheet 13 to be embossed, and mirror-finished sheet 15 having been passed 
through the heating roll 1 7 and the pressing roll 1 8 are fed to between the rolls 1 7, 1 0 so that they are held and pressed 
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in the horizontal direction, thus an emboss pattern on the embossing plate 10 being transcribed onto the sheet 13 
(transcribing step). 

[01 52] The embossing plating 1 0, sheet 1 3 to be embossed, and mirror-finished sheet 1 5 having been passed through 
the heating roll 17 and the pressing roll 18 are transferred over the endless belt 19 (transfer step). 
5 [0153] Further the embossing plating 10, sheet 13 to be embossed, and mirror-finished sheet 15 are cooled by the 
cooling rolls 23, 23 from inside of the endless belt 1 9 and by the cooling rolls 24, 24 from the side of the mirror-finished 
sheet 15 and is cooled and solidified in the flat state (cooling step). 

[0154] After the cooling step, by the separating roll 21 provided at a position opposite to the cooling roll 23 with the 
endless belt 29 therebetween, the completed micro embossed sheet 30 completed by transcribing the emboss pattern 

10 from the embossing plate 10 onto the sheet 13 is separated from the embossing plate 10. The separated micro em- 
bossed sheet 30 is wound up by the wind-up roll 22 (separating step). The mirror-finished sheet 15 is recovered by 
the wind-up roll 27. 

[0155] With the embodiment as described above, in addition to the effects provided in the first embodiment, the 

following effects are provided. 

15 (8) As there is provided the plate heating step and also the embossing plate 10 is previously heated, the sheet 13 to 
which the embossed sheet 13 was transcribed is heated from both sides of the embossing plate 10 and the heating 
roll 17 to soften the sheet 13 before the transcribing step, so that transcription of an emboss pattern to the sheet 13 
can efficiently be performed. 

20 [Variants] 

[01 56] The present invention is not limited to the embodiments described above, and modifications and improvements 
within the range in which the object of the present invention can be achieved are included within the scope of the 
present invention. 

25 [0157] For instance, there may be provided an elastic member between the sheet 13 to which an embossed sheet 

13 is transcribed and the pressing roll 18. 

[01 58] The endless belts 19,19 each having a surface coated with a heat-resisting separable resin may be employed. 
[0159] Further, although the heating roll 1 7 is used in the third embodiment, a method of heating, for instance, with 
a electric heater or the like may be employed. 
30 [0160] Further a sheet heating step in which the sheet 13 is heated may be provided before the transcribing step. 
[0161] In the following description, description of the embossing plate 1 0, sheet 1 3 to be embossed, mirror-finished 
sheet 15, feed rolls 14, 16, micro embossed sheet 20, separating roll 21, and wind-up roll 22 are omitted. 

[Fourth Embodiment] 

35 

[0162] As shown in Fig. 4, the manufacturing device 4 comprises a heating roll 17, a cooling roll 23, an endless belt 
19 wound around these rolls 17, 23, and a pressing roll 18 provided above the heating roll 17 with the endless belt 19 
therebetween. 

40 [Fifth Embodiment] 

[0163] As shown in Fig. 5, the manufacturing device 5 comprises heating rolls 17, 17, a cooling roll 23, a second 
cooling roll 33, an endless belt 19 wound around the rolls 17, 17, 23, 33 which are provided at vertexes and on one 
edge of a triangle, a pressing roll 18 provided above one of the heating rolls 17with the endless belt therebetween, 
45 and a cooling roll 24 provided at a position facing the second cooling roll 33 within the endless belt 1 9. 

[Sixth Embodiment] 

[0164] As shown in Fig. 6, the manufacturing device 6 comprises heating rolls 1 7, 1 7, 1 7, a cooling roll 23, a second 
50 cooling roll 33, an endless belt 19 wound around the rolls 17, 17, 17, 23, 33 (of these rolls, the two heating rolls 17, 
17 and the cooling roll 23 are provided at vertexes of a triangle, and the remaining heating rolls 17 and the second 
cooling roll 33 are provided on one edge of the triangle), a pressing roll 18 provided above the heating roll 17 present 
on one edge of the triangle, and a cooling roll 24 provided at a position facing to the second cooling roll 33 present on 
one edge of the triangle within the endless belt 1 9. 

55 

[Seventh Embodiment] 

[0165] As shown in Fig. 7, the manufacturing device 7 comprises a heating roll 1 7, a cooling roll 23, an endless belt 
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1 9 wound around these rolls 1 7, 23, a small size heating roll 1 7 and a second cooling roll 33 provided within the endless 
belt 19, a pressing roll 18 provided above the small size heating roll 17 with the endless belt 19 therebetween, and a 
second cooling roll 33 provided under the separating roll 21. 

5 [Eighth Embodiment] 

[0166] As shown in Fig. 8, the manufacturing device 8 comprises a heating roll 17, a cooling roll 23, an endless belt 
wound around these rolls 17, 23, a small size heating roll 17 provided within the endless belt 19, and a pressing roll 
18 provided above the small size heating roll 17 with the endless belt therebetween. 

10 

[Ninth Embodiment] 

[0167] As shown in Fig. 9, the manufacturing device 9 comprises heating rolls 17, 17, an endless belt 19 wound 
around these rolls 17, 17, cooling rolls 23, 23, an endless belt 29 wound around the rolls 23, 23, pressing rolls provided 
15 above the heating rolls 17, 17 respectively with the endless belt therebetween, and a pressing roll 1 8 and a separating 
roll 21 provided above the cooling rolls 23, 23 with the endless belt therebetween. 

[Tenth Embodiment] 

20 [0168] As shown in Fig. 10, the manufacturing device 40 comprises cooling rolls 23, 23, an endless belt 29 wound 
around these rolls 23, 23, heating rolls 17, 17, an endless belt 19 wound around the rolls 17, 17 and the endless belt 
29, a pressing roll 18 provided above the heating roll 18 with the endless belt 19 therebetween, a pressing roll 18 
provided above the cooling roll 23 with the endless belt 29, 19, and a separating roll 21 provided above the other 
cooling roll 23 with the endless belts 29, 19 there between. 

25 

[Eleventh Embodiment] 

[0169] As shown in Fig. 11, the manufacturing device 41 comprises a heating roll 17, a cooling roll 23, an endless 
belt wound around these rolls 1 7, 23, a heating roll 1 7, a separating roll 21 , and endless belt 29 wound around these 
30 rolls 17, 21. The endless belts 19 and 29 are parallel to each other, and the heating roll 17 in the side of the endless 
belt 29 is provided above the heating roll 17 in the side of the endless belt 19, while the separating roll 21 in the side 
of the endless bet 29 is provided above the cooling roll 23 in the side of the endless belt 19. 

[Twelfth Embodiment] 

35 

[0170] Fig. 12 shows a manufacturing device 42 according to a twelfth embodiment of the present invention. 
[0171] In each of the first to eleventh embodiments described above, a transfer step using the endless belt 19 is 
provided, and further a cooling step is provided in the transfer step. In the present invention, however, the configuration 
is allowable in which the endless belt 1 9 is not employed. In this case, the working bench 12 provided in the downstream 
40 side (in the right side in the figure) from the endless belt 19 in Fig. 1 is extended, and the embossing plate 10 is fed 
by a plurality of feed rollers 11. In this embodiment, the sheet 13 to be embossed may be cooled by atmospheric air, 
but also the configuration is allowable in which a cooling section such as the air blower 25 or the like may be provided 
in Fig. 1. 

[0172] In this embodiment, the micro embossed sheet 20 is manufactured as described below. 

45 [0173] At first, a temperature of the heating roller is raised, and the pressing roll 18 is rotated. Then the embossing 
plate 10, sheet 13 to be embossed, and mirror-finished sheet 15 are laminated in this order on the feed roller 11 of the 
working bench 12, and then the laminated embossing plate 10, sheet 13 to be embossed, and mirror-finished sheet 
15 are passed through the heating roll 17 and the pressing roll 18. The surface of the embossing plate 10 with an 
emboss pattern formed thereon contacts the sheet 13 to be embossed, and the mirror-finished surface of the mirror- 

50 finished sheet 15 is a surface in the contrary side from the surface contacting the sheet 13. 

[0174] Further the embossing plate 10, sheet 13 to be embossed, and mirror-finished sheet 15 having been passed 
through between the heating roll 17 and the pressing roll 18 are fed to between the rolls 17, 18 so that they are held 
thereby in the horizontal state, thus an emboss pattern of the embossing plate 1 0 being transcribed onto the sheet 1 3 
(transcribing step). 

55 [0175] Then the embossing plate 10, sheet 13 to be embossed, and mirror-finished sheet 15 are held between two 
sheets of aluminum plates (not shown) and are left for 20 seconds in the state, and are cooled and solidified in the flat 
state (cooling step). 

[0176] After the cooling step, the micro embossed sheet 20 completed by transcribing the emboss pattern to the 
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sheet 1 3 is separated from the embossing plate 1 0 by the separating roll 21 provided at an end of the working bench 
12. The separated micro embossed sheet 20 is wound up by the wind-up roll 22 (separating step). 
[0177] With the embodiment as described above, the endless belt 1 9 is not provided, so that the effects provided in 
the first embodiment can not be obtained, but the effects provided in the first embodiments (2) to (6) can be obtained. 

5 

[Thirteenth Embodiment] 

[0178] Fig, 13 shows a manufacturing device 43 according to a thirteenth embodiment of the present invention. 
[0179] The manufacturing device 43 according to this embodiment is different from the manufacturing device 42 

10 according to the twelfth embodiment in the points that an electric heater 32 for heating the embossing plate before it 
is sent to the heating roll 17 and an electric heater for heating the sheet 13 before it is sent to the heating roll 17 are 
provided. 

[0180] Other conditions are the same as those in the twelfth embodiment. 

[0181] In this embodiment, the micro embossed sheet 20 is manufactured as described below. 

15 [0182] At first, temperatures of the electric heaters 32, 33 are raised to raise a temperature of the heating roll 17, 
and the pressing roll 18 is rotated. Then the embossing plate 10, sheet 13 to be embossed, and mirror-finished sheet 
15 are laminated in this order on the feed roller 11 of the working bench 12, and the laminated embossing plate 10, 
sheet 13 to be embossed, and mirror-finished sheet 15 are passed through the heating roll 17 and the pressing roll 
18. In this step, the surface of the embossing plate 10 with an emboss pattern formed thereon contacts the sheet 13, 

20 and the mirror-finished surface of the mirror-finished sheets is a surface in the contrary side from the surface contacting 
the sheet 13. 

[0183] Further the embossed embossing plate 10, sheet 13 to be embossed, and mirror-finished sheet 15 are fed 
to between the rolls 1 7, 1 8 so that they are held thereby in the horizontal state, thus an emboss pattern of the embossing 
plate 10 being transcribed onto the sheet 13 (transcribing step). 
25 [0184] Then the embossing plate 10, sheet 13 to be embossed, and mirror-finished sheet 15 are held between two 
sheet of aluminum plates (not shown), and are left for 20 seconds in the state, and are cooled and solidified in the flat 
state (cooling state). 

[0185] After the cooling step, the micro embossed sheet 20 completed by transcribing the emboss pattern to the 
sheet 13 is separated from the embossing plate 10 by the separating roll 21 provided at an end of the working bench 
30 12. The separated micro embossed sheet 20 is wound up by the wind-up roll 22 (separating step). 

[0186] With the present embodiment, in addition to the effects in the twelfth embodiment, the following effects are 
provided. 

(9) As an electric heater 33 for heating the sheet 13 to be embossed before it is fed to the heating roll 1 7 is provided, 
the sheet 13 is previously heated, and then the sheet 13 is further softened before an emboss pattern is transcribed 

35 thereto by heating the sheet 13 also with the heating roll 17, so that an emboss pattern can be transcribed onto the 
sheet 13 more efficiently. 

(1 0) As the electric heater 32 for heating the embossing plate 1 0 before it is fed to the heating roll is provided and also 
the embossing plate 10 is previously heated, the sheet 13 can be softened before the transcribing step by heating it 
from both sides of the embossing plate 10 and the heating roll 17, so that an emboss pattern can be transcribed onto 

40 the sheet 13 efficiently. 

[Example 1] 

[0187] In the first embodiment, the micro embosses sheet was manufactured under the specific conditions as de- 
45 scribed bellows. Conditions for each components were as described below. 

(Embossing plate 10) 

[0188] 

50 

Material: Electrocast nickel 

Dimensions: 400 mm (width) x 200 mm (length in the transcribing direction) x 0.4 mm (thickness) 
Surface form: Regular triangle with the bottom edge of 1 73 |Lim, height of patter: 70.6 |Lim 

55 
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(Heating roll 17) 

[0189] 

5 Dimensions: 

Surface material: 
Heating mechanism: 
maximum total output 

10 (Pressing roll 18) 

[0190] 

Dimensions: Inner diameter: 140 mm, surface length: 600 mm 
15 Surface: Made from silicon rubber with the hardness of 75 degrees 

(Sheet 13 to be embossed) 

[0191] 

20 

l\yiaterial: EMMA (Ethylene-methyl methacrylate copolymer) produced by Okamoto (K.K), Product name: Emasoft, 

melting point: 89 °C 
Form: Width: 440 mm, thickness: 0.20 mm, form like a continuous sheet 
Others: Not colored (transparent) 

25 

(Mirror-finished sheet 15) 
[0192] 

30 Material: O-PET (Extended polyethylene telephthalate) produced by Tore (K. K), Product 
name: Lumilar 

Form: width: 440 mm, thickness: 0.38 mm, two-axial extended sheet 
(Endless belt 19) 

35 

[0193] 

Material: Stainless steel 

Form: Width: 600 mm, circumference length: 2300 mm, thickness: 0.60 mm, surface 

40 roughness: 0.4 |Lim (Ra) 

(Cooling roll 23, 33) 
[0194] 

45 

Cooling zone: 

Cooling mechanism 
50 (Air blower 25) 

[0195] Provided outside the endless belt19, used for cooling the embossing plate 10 or the like with the cooling air 
(at the temperature of 1 8 °C) 

55 



Inner diameter: 256 mm, surface length: 700 mm 
Plated with hard chromium 

12 rod-like ceramic heaters provided inside the heating roll 17, 
6 Kw 



About 60 composite material from the holding and pressing section (between the heating roll 

17 and the pressing roll 18) 

Water circulated within the rolls 23, 33 at a temperature of 15 °C. 
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(Conditions for running tine manufacturing device 1) 
[0196] 

5 Temperature of tine Ineating roll 17: 123 °C 

Linear pressure loaded to between the heating roll 17 and pressing roll 18: 600 N/cm 
Transcribing speed: 3.0 m/min 

Cooling conditions: Temperature at the end of the cooling zone: 31 °C 
10 (Result in Experimental Example 1) 

[0197] The micro embossed sheet 20 manufactured by transcribing an emboss pattern thereto with he embossing 

plate 10 has the retroreflectivity. As a method of assessing the retro reflectivity of the obtained micro embossed sheet 
20, the retroreflection coefficient may be used. The retroreflection coefficient is measured by the method described in 
15 JIS Z28714-1995. 

[0198] The retroreflection coefficient of the micro embossed sheet 20(measured at the measurement angle of 0.2 
degrees and'the irradiation angle of 5 degrees) was measured at 21 points on the surface, and the average value was 

288 [cd/lux/m2]. 

[0199] According to JIS Z8714-1995, the first grade retroreflection coefficient for non color (transparent, white) is 70 
20 [cd/lux/m^], and the second grade retroreflection coefficient for non color (transparent, white) was 35 [cd/lux/m^]. 

[0200] Therefore, a result obtained in Example 1 satisfies the requirement, and it may be said that the manufacturing 
method according to the present invention insures the sufficient transcribing capability. 

[Example 2] 

25 

[0201] In the twelfth embodiment, the micro embossed sheet 20 was manufactured under the following specific 

conditions. 

[0202] Materials and other conditions of the embossing plate 1 0 and other rolls are the same as those employed in 
Experimental Example 1 . Conditions for running the manufacturing device 42 were as described below. 

30 

(Conditions for running the manufacturing device 42) 
[0203] 

35 Temperature of the heating roll 17: 137 °C 

Linear pressure between the heating roll 17 and the pressing roll 18: 500 N/composite material 
Linear speed: 0.6 m/min 

Cooling conditions: After transcription, held by two sheets of aluminum plates each with the thickness of 20 mm 
and left in the state for 20 seconds, and then separated. 
40 Temperature when separated was 25 °C. 

(Result in Experimental Example 2) 

[0204] The obtained sheet was assessed in the same way as in Experimental Example 1 . 
45 [0205] The retroreflection coefficient of the micro embossed sheet 20(measured at the measurement angle of 0.2 
degrees and the irradiation angle of 5 degrees) was measured at 21 points on the surface, and the average value was 
251 [cd/lux/m2]. 

[0206] According to JIS Z871 4-1 995, the first grade retroreflection coefficient for non color (transparent, white) is 70 
[cd/lux/m^], and the second grade retroreflection coefficient for non color (transparent, white) was 35 [cd/lux/m^]. 
50 [0207] Therefore, a result obtained in Example 1 satisfies the requirement, and it may be said that the manufacturing 
method according to the present invention insures the sufficient transcribing capability. 

Industrial Availability 

55 [0208] The present invention can be used for manufacturing lens function sheets with a micro emboss pattern thereon 
such as a Fresnel lens sheet, a lenticular lens sheet, a prism lens sheet or the like, and also the micro embossed sheet 
manufactured by the manufacturing method according to the present invention can be used as a retroreflective sheet 
(plastic reflective sheet) with a micro prism formed thereon in the fields of reflective plates, fashion, and construction. 
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Claims 

1. A method of manufacturing a micro embossed sheet having a fine emboss pattern comprising: 

a transcribing step of overlaying a sheet to be embossed on a surface of a sheet-fed embossing plate with an 
emboss pattern formed thereon, holding and pressing said embossing plate and said sheet to be embossed 
with a pair of rolls provided on top and rear surfaces of said embossing plates to transcribe the emboss pattern 
onto said sheet; and 

a separating step of separating said sheet from the embossing plate after the transcribing step. 

2. The method of manufacturing a micro embossed sheet according to claim 1 , wherein said emboss plates is con- 
tinuously fed to a section between said pair of rolls. 

3. The method of manufacturing a micro embossed sheet according to claim 1 or claim 2, wherein said transcribing 
15 step is carried out in the state where said embossing plate and said sheet are held and pressed in the substantially 

flat state. 

4. The method of manufacturing a micro embossed sheet according to any of claims 1 to 3, wherein said embossing 
plate is a metallic one. 

20 

5. The method of manufacturing a micro embossed sheet according to any of claims 1 to 4, wherein said embossing 
plate has a concave cube comer type of emboss pattern. 

6. The method of manufacturing a micro embossed sheet according to any of claims 1 to 5, wherein said sheet to 
25 which an embossed sheet is transcribed is made from a thermoplastic resin. 

7. The method of manufacturing a micro embossed sheet according to any of claims 1 to 6, wherein said sheet is a 
continuous and lengthy one. 

30 8. The method of manufacturing a micro embossed sheet according to any of claims 1 to 7, wherein said transcribing 
step carried out in the state where a mirror-finished member having a mirror-finished surface, said mirror-finished 
surface contacted to said sheet to be embossed, is overlaid on said sheet, and the overlaid mirror-finished member 
and said sheet are held and pressed. 

35 9. The method of manufacturing a micro embossed sheet according to any of claims 1 to 8, wherein said transcribing 
step is carried out in the state the mirror-finished member having a mirror-finished surface is overlaid on the sheet 
to be embossed. 

10. The method of manufacturing a micro embossed sheet according to any of claims 1 to 9, wherein a surface of at 
40 least one of said pair of rolls is formed with an elastic body. 

1 1 . The method of manufacturing a micro embossed sheet according to any of claims 1 to 1 0, wherein said transcribing 
step is carried out in the state where an elastic member is provided between said sheet and said roll and is held 
and pressed by said sheet and said roll. 

45 

1 2. The method of manufacturing a micro embossed sheet according to any of claims 1 to 11 , wherein a linear pressure 
for holding and pressing the embossing plate and the sheet in said transcribing step is 50 N/composite material 

or more. 

50 1 3. The method of manufacturing a micro embossed sheet according to any of claims 1 to 1 2, wherein said transcribing 
step is carried out in the state where said sheet to be embossed is heated to the melting point or more while the 
embossing plate and the sheet are held and pressed. 

14. The method of manufacturing a micro embossed sheet according to any of claims 1 to 13, wherein at least one of 
55 said pair of rolls used in said transcribing step is a heating roll. 

15. The method of manufacturing a micro embossed sheet according to claim 14, wherein said heating roll is provided 
in the side of said embossing plate. 
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1 6. The method of manufacturing a micro embossed sheet according to claim 1 5, wherein said heating roll is contacted 
to a rear surface of said embossing plate. 

17. The method of manufacturing a micro embossed sheet according to any of claims 1 to 1 6, wherein a plate heating 
step for heating the embossing plate previously is provided before said transcribing step. 

18. The method of manufacturing a micro embossed sheet according to any of claims 1 to 1 7, wherein a sheet heating 
step for previously heating the sheet to be embossed is provided before said transcribing step. 

19. The method of manufacturing a micro embossed sheet according to any of claims 1 to 1 8, wherein a cooling step 
for cooling and solidifying said embossing plate and said sheet in the state where they are closely contacted to 
each other is provided between said transcribing step and said separating step. 

20. The method of manufacturing a micro embossed sheet according to claim 1 9, wherein said cooling step is carried 
out for cooling and solidifying in the state where said embossing plate is in the substantially flat state. 

21. The method of manufacturing a micro embossed sheet according to claim 19 or claim 20, wherein said sheet is 
cooled to the melting point or below in said cooling step. 

22. The method of manufacturing a micro embossed sheet according to claims 1 to 18, wherein a transfer step of 
transferring said embossing plate and said sheet after the transcribing step with an endless belt wound around at 
least one of said pair of rolls is provided between said transcribing step and said separating step. 

23. The method of manufacturing a micro embossed sheet according to any of claims 19 to 21 further comprising: 

a transfer step of transferring said embossing plate and said sheet after the transcribing step with an endless 
belt wound around at least one of said pair of rolls, said step provided between said transcribing step and said 
separating step, wherein said cooling step is carried out by a cooling section during the transfer step by said 
endless belt. 

24. The method of manufacturing a micro embossed sheet according to claim 23, wherein said cooling section is 
provided with a space from one of said pair of rolls, and includes a cooling roll with said endless belt wound 
therearound. 

25. The method of manufacturing a micro embossed sheet according to claim 24, wherein said cooling section further 
comprises a second cooling roll provided between said one roll and said cooling roll. 

26. The method of manufacturing a micro embossed sheet according to any of claims 23 to 25, wherein said cooling 
section comprises a cooling area blowing mechanism for blowing cooling air from the side of said sheet to be 
embossed. 

27. The method of manufacturing a micro embossed sheet according to any of claims 22 to 26, wherein material of 
said endless belt is metal. 

28. The method of manufacturing a micro embossed sheet according to any of claims 22 to 27, wherein said sheet is 
fed to between a pair of rolls so that said sheet contacts said endless belt, and a surface of the endless belt 
contacting said endless belt is mirror-finished. 

29. The method of manufacturing a micro embossed sheet according to any of claims 22 to 27, wherein said sheet is 
fed to between a pair of rolls so that said sheet contact said endless belt, and the contacting surface is a rough one. 

30. The method of manufacturing a micro embossed sheet according to any of claims 22 to 29, wherein said sheet is 
fed to between a pair of rolls so that said sheet contact said endless belt, and a surface of said endless belt 
contacting said sheet is coated with a heat-resistant separable resin. 

31. The method of manufacturing a micro embossed sheet according to any of claims 22 to 30, wherein said endless 
belt is wound around a heated roll. 
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32. The method of manufacturing a micro embossed sheet according to any of claims 22 to 31 , wherein said embossing 
plate Is provided at a position where said embossing plate contacts said endless belt. 

33. The method of manufacturing a micro embossed sheet according to any of claims 22 to 31 , wherein said embossing 
5 plate Is provided at a position where said embossing plate does not contact said endless belt. 

34. An embossed sheet manufactured by the manufacturing method according to any of claims 1 to 33. 

10 
15 
20 
25 
30 
35 
40 
45 
50 
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FIG. 6 




23 



EP 1 366 888 A1 



FIG. 8 




24 



EP 1 366 888 A1 



FIG. 10 




17 



FIG. 11 




EP 1 366 888 A1 




26 



EP 1 366 888 A1 




27 



EP 1 366 888 A1 




28 



EP 1 366 888 A1 




29 



EP 1 366 888 A1 



INTERNATIONAL SEARCH REPORT 


fnteiMaUonal application No. 




PCT/JP02/00953 ■ 



A. CLASSIFICATION OFSUBIECTMATIER 

Int.Cl"^ B29C59/02, G09F13/05, 50285/124 



Arxarding to Intematioaal Piteat Qa^ifiraWnp (IPQ or to both oattonBl daaatficatUm and gC 
B. HELPS SEARCHHJ^ 

Miniijium docamenbtioD seaidied (clas^cation system followed by dHssificatioa symbols) 
Int.Cl^ B29C59/02, G09F13/06, G02B5/124 



Documenlalios searched otl»T tban sniiuiDinn documentation to the e:xten( thai sudi docnmenls are Induded in the fields seaxcbed 
Jitsuyo Shixiaoi Kcto 1926-1996 Toroku Jitsuyo Shinan Roho 1994-2002 

Kokai Jitsuyo Shinan Koho 1971-2002 Jitsuyo Shinan Torolai Kaho 1996-2002 

Etecoonic dala base ooosotted during the inteniadooai search (aaiDB ot data base and, where pacticable» search lends tttt^ 



C IX)aJMBmSCX>NSI12ERED10BBBELEVANT 





CUalion of doGun3e]il> with indicatioa. where appxopdate. of the letevant pessaeas 


Sefevaat to daha Ko. 


X 
A 


05 4244683 A (Reflexite Corp.)» 
13 January, 1981 (13-01.81), 
Full text 

6 DS 3035271 A i JP 56-51320 A 


34 
1-33 


X 
A 


JP 6-114932 A (Shin-Etsu Polymer Co., LtdOf 
26 April, 1994 (26.04.94), 
Full text 
(Faxaily: none) 


34 
1-33 


A 


JP 9-295192 A (Nisshin A&C Co., Ltd.), 
18 November, 1997 (18.11.97), 
(Family: none) 


1 


A 


WO 00/70608 Al (Sony corp.), 

05 DeceiDber, 2000 (05.12.00), 

6 BP 1100081 Al & AD 2005800 A 
& JP 2000-36135 A 


1 



rST) fMierdocimnitaaiB listed Id QiecoiiIiaustioD of Box C. 



n See patent euoUyftmicx, 



* Spedal categories Of dred documea bs: 

*A' dociunmt dcfinbg Ihe gpopnl staie of the art whidi h not 

eon&ideted to be of poifieular mle^ranoe 
'B' eaifierdocoiaeiitbakpubfishedoaoraftettheiatsniatioMlfilaig 

date 

1." dQcunieat wbich may throw doobts oa priority daiio^ orwMdi is 
dted 19 esiabUsli the publicatioa diln mother dtalioii or other 
qiedal reafioo (as &podfied) 

^ty documenl le&mng to so oral {hsdosste, use, Miabition or other 
means 

docuiDBal publisbed piioi to the intenuational filing date but latei 



later document poblisfaed after the iatcna&Hcai fiCog (btc or 
piiocbjr date and not in confUd widi the epplicatioa but died to 
uBde&tasd the pnodpfe or theoiy tmderiyiDg theiov«iilk>n 
doeuittat of paiticdai Klevanoe; the ddoied innrertfam cannot be 
eoBshtend novel or caiuiot he consjdued to involve an faivwdve 
step «hen the dociunentis Uken alone 

dodunenl of patttcular lelcvsoce; fhc claimed bivcntioi) cannot be 
considesBd to involve an invBiidvo step the documenl !■ 
cfiffibtaed with one or ioore odier skch documeiittk socb 
combinatioo bang obvious to a peison skHKed in the ait 
document ineniber of the same f^tenl fiunily 



Date of the actual oooipietiOR of the intexnaiiooal seaxcb 
26 April, 2002 (26.04.02) 


Date of TOAiiing of the inteinational search lepott 
21 May, 2002 (21.05.02) 


Name and mailbig «ddxess of the ISA/ 
Japanese Patent Office 

Facsiraile No. 


Autiionzed ofiQcer 
Telephone No. 



Fonn PCraSA/210 (second sheet) (July 1998) 



30 



EP 1 366 888 A1 



INTERNATIONAL SEARCH REPORT 



Intematiooal ^UcaUon No. 
PCT/JP02/00953 



C(Qmtimiation). DOCUMBKIS CXlNSlDEB33DTOBBBELEVANr 



Categpiy* 



Qtadoa of document, with irallcaSioo, where appnspifate, of the i&levaot passages 



EP 405582 A2 (E. 
02 January 1 199 X 
& JP 3-116460 A 



I . Du Pont De Nemours And Co . ) , 
(02.01-91) r 



RfilevaattocdumNa. 



Fonn PCr/ISAyZlO (continuadon of second sheet) (July 1998) 



31 



